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EJPo 

Cif^3] ytyr^^o i wi/MjfctxDy-rx 

h ifl'plS. <i:t40t$5, 2 tcflEttQft A. 10 

2 (cffi«^if%5& 0 

[If*?? 5] v;l/^-K3t7r>f/^»ifi-rSfci6 

(a) 37fe<ttf^7»;F*SU 3TC0|ffP3*^6% 

(b) 7V7*-L>ttmm-?Z>X J rv-ft, 

(c) 7 P U'7*-A^P.7te7T'f/^§l^#lfrX7 1 ^ 

20 

(d) Xf7^ (c) CDP^. 5l*#tf£ftfc3fc7r-</* 
HS#3C6] ^XhWTXT^y:/^ BffWlSlO 

-T X t- >y ^<DP4T'S#-r § , »5f<Il 5 fcf5«O/5S; 0 

nS77-TAl h^Sfc»J^ft< tfe lOO^-YX 

[ff*9?8] ^-YXh^Sg-rx-r-y^, 
tl^T-fA 1 h;l/^fcD4>ft< tfe 40©'MX 30 
hSltXfy^S§, «*Jl7^iettcD73So 

ft*;tf4>ft <tt,0. 2 If 5 teKKC* 

[i*«i2] ysfxb%mrx7-v7(ox\£z/m&. 

Pft^!), ftfXrv-f (d) (DMlcmtfZ, If 40 
5 fClB«<D7J}£ 0 
[If*Sl3] h%ffitXf-V 

->##iEKfiarc*«, if5f<3i5fciH«©*So 

[0 0 0 1] 

[0 0 0 2] so 



itfcfck «^ft«7ja*43<i:mi^M*^*-XA(c^ 

figftB«t4. — F#«**!lfl?rrs CfcT'SSo 
[0003] gX&SftT^SJ;?^ ft^r-TMft-e 
14. -r— #tT>y MiTfe/^bXtCioT^^tlTV^o ^£ 

;l/X*^— ^ -y -5 t, tt^SMSSB^WBRtuRa 
&s<ii:tf7?#ft< ft-5 e 7 s — £^;i/X#<:t— ^yT* 

<-T3, -rftt>-B^«*j£tf«cii:fcftSo b 

[0 0 0 4] #tt*£KLTV>SJBll8fcl\ fe#»*5j;tf 

9. $5l*^77^V>XfAT4CT^5 0 -t— F 
#BSrrftto-5ffiE-t- K#»H\ ±ibt, 3Tf^± 
7fe*^fiJ-T^fci6©ffii6T^©7 l eSS^BltgftV 
;l^E— ra7 7^^Tti:T^5o — ftWfctt^iaS* 
Sft^i:, ?©S?*'ia^TV>§o ^e— Ff4«M?ftS 

~£(Dmmc?^^T&m?%tc£>, m^^mmmmx-yr 
-j^mcmmrz c t fcft t> , ^cqb# mttF-wfric;*:* 
iDiS<^ss^i&-r§^;i'X^ Ttfx-rs^ 

;PX i: / ^ >y 7°T & c t lc ft 3 0 
[0 0 0 5] Y;P^ ; e-K)t77-l'^©», fflE-t 

7 <D fp&fc: IrJA^o TJgtfr**^^ fciSiJD-T § ^ U— 7* >y 
F-TV^-y^X fflffim 7n77^;V«LTM 

[0 0 0 6] V/l/^*- FrtT'T'l'/^tt, — F73-fSt 
tt. MSlJ^-F®ffi (DMD) fcnftftlTl/^S. ««fK 

©7t7T'l'^37'^tlrt^*3ltSDMD{±«{4. VX^ 
iiiSi:Pf{4"tiTi/^§ 0 ^!lx.f4\ nT¥S*M 8 5^a>iy. 
rtT% DMDtfO. 2 3 p s/ / m*«icD7'T-l'-'^4s 
0. 2 3 p s/m*I©*l 1 8 S^nyKflOVX^ 
S*tt5 7 7^;^WnT^«o Ctllt M 

W18<0. 23ps/mi:LT*?ntl/^o CtlP> 
CQVX^ifI{±«(4v 8 5 0 nmtcfctt-S^^— F^« 
(EMB) ^2 000MHz-k m©)t7 Z -Y/^fcMJtS 

LTfeo. cne>o- : <'x^i|iif±«^-a-S{-r§7 l 67T-r^ 

t4x 1 3 0 0 nmtfe^t, 500MHz — km 

^iS^SSlPJ^i^WLTU-'So 8 5 0nm^34tfl 3 
0 0 nmlt v;l/^-^e— FTti'X^AtC^f-r^ftSfilJft 
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[0 0 0 7] 

-TS^H^f 5€- Fil^fc ft 5 LTl^S C tteftl 
*»{fcTS ft S^OKfl^fc <fc -a Tli? 

(C*12*3i3;*lS, D i G i o v a n n i fl&fc 4:S 2 0 0 10 

i¥5^ 1 a mm<D*mm Vf-mmm 8 4 7, 0 3 4§c 
latg^nxv^o ^ofSEiwi yr-YA37«iN 

[0 0 0 8] 

-xast, fro. w*<oiSM-r— tf*y h ce»is 
go zfuh^McMt^m^Mt^^^—vye 20 

t>n%&MT*&Z£t%:WmV, fro. «^RBK*Slba 
£><D(c-fSfti6(;:(4, 7 7^/^ltt3«^*: ; E-F 

©asss-a £ ?& o t , c n e> <oan* -7 > ^ a fk-r < ^ r 

£SCfc£rE!$Lfto S$^(4c©fIit(;:SoVT. 7^7 30 
Sci;fc4:D, #«fticra5£M£2to33T^»^ft 

[0 0 0 9] 

imm^mmmmi m 1 ^«ws ^ 371 1 

Xf^^v F 1 2*i^/-cftS»S:v;Vft- ^77-1" 

[0 0 10] *77'l'^Ov;l/^-F#tttt > 37 1 
1 ©fflfcflMX, fc-<fctf3 7'O^L^P.^fIiJ^©atlf* 
S{k«l»I2*^(;:4;oT*£tiT^So v;l/^-K7 

50/125-FDDi mm ; ^— £jlfs IrJW" 

6 2. 5/12 S-^m^-^iiff (*5<J:tf:)t#T?ffiffl 

d i aw 

1 0 0/1 4 0-7^^^:13 J; 0*ffl(f^£frMK&* so 



[0 0 1 1] — f&ltt&ijUilLT, v;W-K77l' 
M(4. o. 2, ftSWtycfio. 4ib^fM7/^7 

*tfAS»ca o . 1 *S6T?*S#— F^T^T/^i: 
fct^-T S C i: frT £ So F'77-l'^O 37)51 

7v#<&-=>T^S 0 

[0 0 12] 0244, DMD^vh^-rSft&txD^E— F 
U£r<D*3j— X^SLftfeOtSS, H 2 (4iffig(cH 

S ft #>(CtS bft t OtCil^V d t ^ait^t 

So 0 2©#PJf^f2 1(4, T^^r-r/^nz^LT 

i^So USTSft- FA i:, X^^JL^ST^f^— F 

B<D2 0©t— K^tltl^o {E$§/3fRl(4. H(Cfnj 

froTfefrlRjT&So FA(4, 0<D^fJ(c^-rn7' 
ngPOafi^^CeaB^r^L, *-FB(4, 370W 

ja < fr ?> ltv>s 0 c n 6 Fen 

Vfr\ 77^<OSStSoTi«t5i^, * 
— FA fr^r— F B <fc tJfflSfiV^ii^lb'r S C t (C& 
§ct (4§a(c3/S?2 n4 3 o fSS0©4<^<D#8g$:*^' 
XT-7S"rffi«c(4, €-Ffi^Stt58(«T?J55. * 

—75-©^— Ffr SffiTa©^— FAX^^-A^Sn 
So COx^.;^- ±1:-BR.Lftati(cJ;oT 

BS«H(c<fcn(4\ FA (4, nTCD^fciifi 
V^— F(asa-U ; E— FB(4, nT<D^f!l(CjfiV^— 
Fic^tS C i:(c^;So CCO^0(4««(CSfflfk^n 

^e— F/b^ifj-rs^Sg^l^Mfc LTf L < ^rSAHC 

ov^t. 3*<iM0^^nTv^So mmvmmK&^T 

(4> ^e- F^v-Xrtfeitft- F^;u— 7m<omi5-v 

F^-a-©%«(coi/->T(4s #?.§(c<k D^BJM^cffl^iA 
fn§Mv R. OlshanskylTReview 
sof Modern PhysicsJ (Vol. 5 
1 (2). pp. 341-367 (1 9 7 9¥))€# 
HgStlftV\ 

[0 0 13] *fgB^(CJ:§^7'T-Y>' < ;cD§[#b(C#ffl^; 
^77^X'J7*- A(4, MCVD, PCVD, OV 

D43«ttfv AD^a6t-rs, »]P.riTV^S«^*S?S 

(CjCoTSBfi-rSCfctf-e^So W$LV^ffi(4MCV 
D-Z?*So MCVDT?tt, iE8S(CSJ»5nftfk^Siffi<0 

Tu^So 5^tt : (4, i — ^(cioT^g&tra^nrv^ 

So Erf^IoTSnS^X^SlSL, ?§«F-^cD 

ififis (c fig ? n s o ffM s nft 
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ft, HfiJgWH^fcH^ftSo ^tE^'n^yxS 
ft, ftxrWVVfcgismf-rttSac**. 
[0 0 14] *fSBJ§tt, DMDtf&ISSftfc 

v;i^^e- Fft7r-TM*^f safSAvolHffifc:*- 
}£, *J:tf*ftfc:.J:-3-rf»6*iS»ft, -r^fe'SBfeSSU 

& < t &-%$*&&(DBmu&mc]]um:'?2>x7-v x, 

<fc tfy r -r / <ucx \£ >ma * £> ft § ^ D Tinl&X u 

J £<D$&£lRj<Dtt©jg»?{C > ^XOftCft^fCtS^ 

-fx h-tffig^fts.fc? yr^^ich)V^^misuT?> 
ctic£-DT£f&-Zti% 0 Wtfktf^x&fttb&k. 77 

5fc, feCft^ff^Xr^^^S^ti^o c<D<fc5 20 

#!|x.«~M. J. Marrone 
iOO ptics Letter (Vol. 12 
(1) , p. 6 0) K{£ffl;*ftT^££5&©»Jfl8m- 

[0 0 15] }®»Xtf>t:MaLTV^(Dt±, fc?y?\ 
■T & fc> -5 x tf ytf y r ■<} %z.m-> xw&t 3 SgStT*& 
§„ try ^-tt, i ^-b^sftooy^xhoffi-pa 

£ ft, *SE 1 * - h >I/S fc 9 < i: & 4 v 

[0016] *mw(D&siL^nnBm-ei^ ^-txf- 30 

U 3fcfcSW*h3En«BK:iHl(gLTV''*o coxr-f^om 

^-h;i/SfcO 4'y^xh#Sje*ftfc»a\ finite 

-fx HciK £#^y-f x h £ Lrttsns^^/i'i 
igoxr^a^j^ftT^So 'y^rxh^sK-rsH 
fflfcfc, ±-e»&LfcJ;3K:* l ^-h;i/^fc«9«^-rx 
hT?*2ft3*\ $5^tt7-fXhf|CD77'('^ftOf 40 

fui?a^ft§o M^fcf 1 Y)V^tcK> 5-y^xb<Dy 

T-J'^<Di§^ 2 0cmCDX-rXh Qtl&tt*^ )\<) 
mm*^t2>££lc%:Z><, >MXbtt, ^BSfctt. 51* 
#fc?L<D^fc:X;VX:i— A^mfe^'tit-SAN £5VHi3l 
##tfLOB8fCs 5l*#tfSft* (SiStiS) 77-r 
/^0$e£^3£ t&c<fc^T{t#£ftT^£o HM6fyc 

«, m\ii^i^y-cxYWLiiRmvc^<D^^7. htm 



y-rx k -r^*3^^n-73iRisfc{±s^it7jiRiov^-rti 

[0017] 7 7^/^tutK:7'fXht5MSc<J; 

§a^7y^ft?ti, ^ft^jcD-r-^TcD^-KX 

JWfcHfcl/T^S. M^fcT, S. C. Rash 1 e 
i ghO TJ. of Lightwave Tecno 
logyj (Vol. LT-1 (2), pp. 3 12 — 
3 3 1) %#M£ftfc</\, 3 2 0^.— i/iC, y A<D 

tieiS^ftTV^o 
[0 0 18] r. . . , ^SSrSLftOH^O^ f 
(z) (CftHftlC. 2 00fi3t@t*-F^t?,c 
ti^SCttv (#-\ Jl^^bi ©X-^^f;l/^ 

[0019] ;^^-^b i «, xr^©j{ffi«BflT 

-?3d9, F (bi ) tt, f (z) ©7-'JxfIl?S 
§o SLftf (z) te*n&liC ; 7ls#L.7?&%tclb, — ^ 
tf^y^Xtf^fCioTti. taft^-Hi^SSCi 
&T-*&v^LTSItfk£ftTv^ 0 —To, ^tf>y 

xevta, n»a«^*4«t § £ia # s ftx 

[0 0 2 0] 03^(1 ^^(Ci^TWf^C^V 
^AftT SCfc^tt § ^P^aft^:^ L (DT\ P3 2 
3&. 3te77-r/«DBfS*SLT^5 0 2 4 

^i«ioaft**b. ^en2 5 a, Maft*SL, s 

IfWIH^ 847, 034-Sf(DiGiovanni ffi<D 

52-4-1-1 6) =e— VM-£%%Mtt%frit> 

^fiP3nX«jgA^ffl^ftTl/^o 7 7-Y^K'7'fX h 

W\ nTA^ff^OXr-Y^cDti^ ffi<DSLft. M^«"7? 
ii.mt%: v V ^" AftT -S C <fc 0 , ^ -Y X h &c «t o T 
DMD3^afe#?ft«Ci:*K»Lfeo P3 

[0 0 2 1] *?gH>]«, Ri37fc<ttf^7'V F 
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■7 r ^ <5 Iff LSfflR&3MW S c t K <t o t£jj!c s n 
[0 0 2 2] H4«, ^x-Y^lffiUSS^Lfct 

So 3 3tt, ?|t#(i2nft77'(';^LT^5. JO 10 
^©^y-Y^^ffi*^ -JStT3 4T*t> Sffi7V^ 
U V— 3 6^Aofef^yM3 5^tt§»I*y^ 

mm*? % o ?^f*Ma 77^ waai^ t>;^?>W4 
1 SLtaaifnso mucdjpsh ^4 1 t^v 
* i> -?—<Dmfcti¥<om&*iK <fc o TftiiwsnTvso 

4tWzWBL-ti'y'7Pi<0-$&> HfcWP^4 l F*g<D^u> 
ti<Cfc*«^3B5, ffin^^©Mtt7^±©EE 
77 g {*#\ ^fpicW§77l'; ^<D;DtH L £r{£it L T 
^5. ttl^T^UtfUV— 1!77-1 , ^4 4 A^^^f-SSt^ 20 
>7°4 5£llftS*u yu*'Jv-!bWLT«I/n 

i: #tfc U — ;l/T -fe >r U ^iiii U ^i:t77^ > 

n§o 7r^£3l#fciy;fc«>©lHt&¥&«:. #SXDX 
7-M$ottfii/^ ^7x?y5 4-!?$5i:i: 
AWSLK U— ;l/5 1~5 3«x ^jSLfc^ri'^* 

X£>5 4fc«fcoTffi«Sft35[ffL£fc«fctfl§rt6»e 30 

3l#LMmi> i~2 0^-HI//»-e$S. 77^ 

a, w 5 4 a* ^mmzmmwsL <o x 7-^ 5 

[0 0 2 3] 04 fc^-Tttifitf. £ < ©jBSJfcfltifi© 1 
■Dicm^^c tit. ^5»M)gffittttffi«?ftJ: 
?. 

[0 0 2 4] J&Mft&T^T^fflffilWW:, SR^.«3t 40 
J"Jny, *-y h^;l/hV >y7X&H<D*P>*MWg$M± 



its MmmcizmM 1 5 0 ~ 3 0 0 n mx& t> „ wmw 

-Cltm2 4 0 (imtSS, 

[0 0 2 5] ffi*<0?l#lgIT'tt, 7 7^^!t *K 
6tyc4>&< fejFft©^ ©IB**— 

¥Ert7?#»jLT*5y yy-f/^Kizv'fxhiztkMic 
2jpx.e>ftTV>;&v\ ) 04©U — ;l/OBS±Sia"??feSH5 

[0026] #?8HJltc J;tui\ xt!>^7r-r^(cSpx. 

ftxx-v' 3 -yfrbTwmvX'fz'h-t?. msmta/tss 

1 ©#-Y Fa— ^fc^oT^Wcip^ftTV^o 
[0027] a*t4, imm^vT-v-y-Jz.htfyyf 

Tit c©|^^a^h;b^©EPijp«, 0 5O^Kn- 
^5 1 <Dmfa%Ml*-&%><ltl££-oTmm-*iXT^ 

mm-snr^z ®6#i) 0 a— ^5 1 i§g6c^ 

r«fc 3 «i©«Ji©Jli^fcStt 
W*fcJS»-r Setters. «fc tJl¥#ffl^ti. «7JIrJ©*» 

^7 7i'^twt« h^^cfty fcbMfa^t 
^n<fcdo y r -< ^(DWi^m^^-DX. yr-l^ 

<DWif5 [R]^fe©tiiP i: ft ^ tiip-r § . L IESST 

feSjeSlttJiVjb^ ^KWtO 7 7-Y'^¥Iflt» 

J&{C©**feCTV^t©il®t>nSo i6©n-7 5 1 

A,-r<«^e©M»-e*So IfttfoT, 77^E 
iPxBft^Xtf^tOtf'y^-fc, Mf4ft 0©P^T-feS o 

t^Vf-y^d 0 = 7' *3irj , 9=l 5° &c*fLT^tVf 
til 4 cm*5<ttf7 cmf$5o fcf-y^kU ^rA^-f < 

77, *5«ttfSaW©*Sftfc«J:oT^SSfc46, cn?>© 

[0 0 2 8] ±TgMBJ3bfc0ijTti, 7T-r^tCXtf>^ 
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tc tic X^XWUvCXh c £tfT°%% 

[0 0 2 9] I7C^t«V Kn-5 5 1 2£\ 77^ 

*i u •? wtto-f**^ b&t^ «t a ism <h LttCS 
tsiitA^fSo ffis©si^o*#is, mz.&m>\MM 

JficDMBS^bfcfecDT?, 5 1 3 «\ 0fc 

[0 0 3 0] 09^Jctfl Oti, 'MXhRf^r 
-f^S#-M7hRi377 7^W8 5 0 nm-7r-Y 
^^^ttiJbfe^Kx-^^bfcfeOTffeSo 0 9 
fc^-T-r— |WICSB$5J;tJ f |WjC'§|#b7 <> P-feX^ 
^ffl b T3 1 # ff t£2 tlfc 7 r -Y / SfcStT § 7*— so 

So icfc. nil o^-r-^— mmic mvgiwzs 

f#Sfci6&c^fflb/c»gtM:S&oT^So COS! 

t*. A/r < t# 6 nfcSttiaaw § iff vmmic imm 

[0 0 3 1] 0 9*#HH-rS£, P3 6 1 *#r«ffi*fe 

fc? bOBStC imtS rife 7 7^f/W§ ft^l? 

fe§ 0 Z.*l<Z><D7T'{rt<D-'y-47sVm%ttt§. 7cmT 40 

^^tti^o mmc^ mi o-ea, ra6 s^-rs 

^tlfcs 6. 7cm© 1 MXMMSt57 7-l'AC 
5%*fP3i*5*j®T*&So so 



10 

[0 0 3 2] W_h*»5ajlP*n*J:3»c, ffi 
5<DBjf a ^te^BBOttlKW^ft v:7*y 7 *— Afr 53 1 * 

#tf?n«3t75"f/^, ^^xh^ffifflbTefe#-r§ 

So Cin507 p U7*-A©3T^ #S!$JK:fcJ\ 7°U 
7*- A bTWSiJ-rSfeJ6tOM*i*ff-Z?SS 
ffia&T/h^v^tPMs^bTV-'So 37©iR$tt, n 

rosHcsftswm-? 2 ott±ofiif*t t> » * 
n 5 fciturr s c t ic <t o tpi^-t s c a *<t? # s 0 6 

%*»©£{fc* #*L<tt3 96*»DSMbb\ P3Jg37 
5 5 1 * ft tf£ txfc3t7 r -f^OSUBttB, WSttttc 

s an. m aw &M{tic <t s t <d i:st>ns 0 

[0 0 3 3] ±T^bfc<tatC, LCSBfC^U 
tt^LO^K, ?|t#[^n577^fA(i:>MXh%I 

m^n^-t s c ^ s o cn6©f«fio*«a, 
rgiffbSfcf^oistCx ^i^#tf$ns^r-rM(c>y-rx 

[0 0 3 4] KtC^bfcJ;5tC, *5gB^tC^-3T 

«SWtffllJn5i:i:t&5^7 7'f^{t 5H»^ 
A77©'>4<fcfe6 5 (S i 0 2 ) 

[0 0 3 5] iTfKWLfcy-fXHiJtlBOT— 36"ff* 
So ^r-Y-'^lfffftSbtDRRK:. Hb^-fXh 

fiif / F^7ri'/^^ft(cig^Tft#^nTi / ^So v^t 1 

^e— K7 r-r/^c*5tts d m d (Dmrn^^.^um-r 

§Ct^ff5, fflSfje^I^: 5 >" A * # — X A tffc 3 o 
^ftDO'MXb 33 i IHK^-r S X tf 

fb^T^sxtf^jaawiST^So cti5©#tt<D§^ 
^^•v^A-fbb, dmd ff ^ 5 efe#~r S c 
$So xtf^JHSaSti. <5iJ^«i ^-h;l/Sfcy i~i 
o^-rx bom^>^L.^{t^^c i:^T?^S 0 
fi««P^Pl> 0H*.t£ 1 0 ^— F;l/©|!BHS*aSiU 1 O 
©1 0^- b;Hz^^>hco^-YXh^4'OtcU SiJ© 
1 0 ^ - W> hcy-TX h« 7o(ctSf ^> 
tV^fcM^cStR-rsCfcA^^So 

x tf >m&MWt& v > k: t ^ s c 1 1 ft s o 
xtfvfflfilWIStis (toEirt«7i'xh{|y^-y, 
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[0 0 3 6] S^iOgffCti, *?zwictt?z>m* 

-PB43I1U fro, M »*t S*SfflOl!afl?$5 1> 
[0ffi<Dffi#&§£BJ§] 

[0 2 ] — 5£<Dft 2 £0^7 5"f MtC&o fciifflffc^e- F 
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[03] ^r-Y^O^XW^Jgffif-S 3O<0M^ 

[04] #^fc©flM£HLfc*£77'f>*3l#L*l 
OB80T-££ O 
[0 5] 0 4 fc^-rSK©^ KgP^«DIS±M01?S 

^ o 

[06] *mm%nm-tzrctbic&m-?%zittfT*%% 

■84 F#SOBS±S0-efe«o 
[0 7] *^«-H!^-rSfca6^ffl-r«ci:^t?^S 
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ET AILED DESCRIPTION 



detailed Description of the Invention] 
001] 

ield of the Invention]This invention relates to the multimode optical fiber in which bandwidth became large. 
002] 

description of the Prior Art]The control to various power losses and a signal decrease mechanism is required for 
anufacture of the multimode optical fiber of state-of-the-art art. In the case of a multimode fiber, an important 
rget is controlling mode dispersion. 

003]Within the optical fiber, the data bit is expressed by the lightwave pulse as known well. Each lightwave pulse 
II always be diffused namely, distributed, when moving over the length of a fiber. When these data pulses overlap, 
becomes impossible to already read clearly by a receiving end. If making small the tendency which a data pulse 
'erlaps pulls, it will enlarge transmission capacity of data, namely, it will extend a zone. Therefore, eventually, the 
me of the optical fiber is restricted by distribution. 

004]The gestalten which are governing distribution are chromatism and mode dispersion. About chromatism, it is 
lown well and has produced with all optical fiber systems. The core diameter of mode dispersion, i.e., mutual 
ode dispersion, is large, and it is mainly produced with the multimode optical fiber in which many optical paths 
e very possible for light to move. If optical paths generally differ, the length differs. In order that the mode may 
Dve in accordance with the course of various length, a fiber end will be reached with a different time interval, and 
len the time lag is large enough, the pulse which moves a course more quickly will overlap the pulse to precede. 
005]The zone of the multimode optical fiber is optimized by minimizing mutual mode dispersion. Generally, this 
itimization is realized using the graded index (refractive index) profile which a refractive index increases from the 
itside area of a clad gradually toward the center of a core. A signal moves in the low refractive index region near 
e clad at high speed, and is moving in the high refractive index region near the center of a core at a low speed. 
006]In the multimode optical fiber, mode dispersion is called discriminating mode delay (DMD). The manufacturing 
ecification of the optical fiber for using it for the system of state-of-the-art art has the strict claims postulated 
er DMD. The DMD specification in a given optical-fiber-cores radius is called mask width. For example, the core 
dius is called the fiber in which, as for the fiber of less than 0.23 ps/m, DMD has the mask width within less than 
13 ps/m of 18-micron radii within 18 microns. This is expressed as MW18<0.23 ps/m. The effective mode zone 
n / in such mask width specifications / 850 nm ] (EMB) supports the optical fiber of 2000 MHz-km. 
ie optical fiber corresponding to such mask width specifications usually has a superfluous zone exceeding 500 
Hz-km in 1300 nm. 

•0 nm and 1300 nm are the typical selection wavelength to a multi-mode optical system. It turns out that 

anufacture of the multimode optical fiber corresponding to such specifications is difficult. 

007] 

roblem(s) to be Solved by the Invention] Having brought about mode mixing which has the effect that the 
fractive index change (par TABESHON) of a short range, i.e., disorder, equalizes the transmission distance over 
the modes which traverse an optical fiber is known. The engineer of the field gropes for the technique for 
lengthening mode mixing for the time being in order to cope with disadvantageous DMD. One of them is 
iicated to U.S. Serial Number 847,034 of the May 1, 2001 application by DiGiovanni etc. by which the whole is 
eluded in this specification by reference. According to the technique, the fiber core is un-circular and the optical 
er is twisted in the case of enlargement. As a result, although the zone is remarkably large, the further 
provement is always demanded of the multimode optical fiber zone. 
308] 
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4eans for Solving the Problem]We developed a multimode optical fiber which satisfies needs of the present zone 
id promises agreement to a future high-speed Ethernet (registered trademark) protocol. It shows that mode 
ixing can be strengthened from the conventional product, for example, a patent referred to in a top, a refractive 
dex change of a short range, i.e., disorder, in a multimode optical fiber. Such disorder exists as a proper "defect" 
✓en in a quality optical fiber. We have recognized that such disorder should be randomized in accordance with 
>urse length in various modes which climbs the length of a fiber, in order to recognize that such disorder is the 
laracter to appear everywhere and to make it a thing effective in the maximum. When we extended an optical 
>er based on this recognition, we proved that DMD of a multimode optical fiber provided with a core consider 
iat is circular intrinsically could be made small by adding the twist to an optical fiber. Hereafter, this invention is 
cplained very in detail in the light of a drawing. 
€09] 

Embodiment of the Invention] Reference of drawing 1 shows a typical multimode optical fiber structure provided 
th the core 1 1 and the clad 12. 13 shows the standard polymer and the type target the protective covering of 
e acrylate polymer. 

010]The multi-mode characteristic of the optical fiber is expressed by the shade-and-shadow display of the 
fractive index change from the relative size of the core 11, and the center of a core to the outside. There are 
ree common types of multimode fibers, and it defines as the core/clad diameter of the micron unit. 
) / 125-FDDI standard; — 62.5 for data communications / 125-local data communication (and most superior 
ultimode fiber currently used in North America) turns — standard [ FDDI ] — what was designed for 100 / 140- 
rtical coupling efficiency, and the dedicated applications with important sensitivity that bend [001 1]As a general 
emise, the multimode fiber has 0.2, and a typically larger core / clad diameter ratio than 0.4. A core / clad 
ameter ratio can compare this with the single mode fiber which is less than 0.1 typically. The core of the 
ultimode fiber itself is typically larger than 30 microns to the core of a single mode fiber being less than 10 
icrons typically. 

012] Drawing 2 shows the mechanism of mode mixing for making DMD small. He should understand that drawing 2 
only what was shown in order to understand phenomenally this mode of those with expression which were 
ealized highly, and this invention. The reference number 21 of drawing 2 shows the core of the optical fiber. The 
to modes, the mode A shown as a solid line and the mode B shown by a dash line, are shown. A propagating 
action is the right toward a figure. The mode A started propagation near the core exterior shown in the left- 
ind side of a figure, and the mode B has started propagation near the center of a core. When these relative- 
ode propagation patterns continue over the length of a fiber, it will be understood easily that the mode A will 
Dve a distance fairly longer than the mode B. The field shown by the reference numeral X of the center of a 
agram is a field which mode mixing generates. Mode mixing is actually generated over the overall length of a fiber, 
id energy is combined from one mode to the mode of another side. This energy combination will be strengthened 
• the disorder which made reference in the top. According to outline expression of mode mixing in X of a figure, 
ter this, it will combine with the mode near the center of a core, and the mode A will combine the mode B with 
e mode near the outside of a core. Although this diagram is idealized highly, when the mode meets the length of 
fiber and is joined together namely, mixed continuously, it is explained well how the mean distance to which all 
e modes move length L over a long distance becomes equal. In actual environment, mode mixing occurs in both 
a mode group and between a mode group. Please refer to for consideration of the mode coupling of a multimode 
•tical fiber the literature and the R.OIshansky work "Reviewsof Modern Physics" (Vol.51 (2) pp.341 -367 (1979)) 
lich are included in this specification by reference. 

013]An optical fiber preform useful to the enlargement of the optical fiber by this invention can be manufactured 
various techniques known including MCVD, PCVD, OVD, and VAD. A desirable technique is MCVD. In MCVD, 
e mixture of the chemicals controlled correctly is flowing through the inside of the rotating pure quartz glass 
be. Heat tracing of the quartz tube is carried out on the torch. The gas which flows through a quartz tube reacts 
d high grade quartz particles are formed near the welding torch. The formed high grade quartz particles adhere 
the inner wall of the quartz tube of the downstream. Heating at high temperature of the high grade quartz 
rticles adhering to the inner wall of the quartz tube is carried out, and they are solidified by authentic 
jnsparent quartz. Next, a quartz tube collapses and it will be in the state of extending an optical fiber. 
D14]This invention is materialized by the broad sense in the new and simple method of manufacturing the 
jltimode optical fiber in which DMD has been improved, and the product (i.e., the advanced optical fiber itself) 
tained by it. The step which provides the method by this invention with the conventional optical fiber preform 
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ore at details, The step which heats at least a part of optical fiber preform to the conventional enlargement 
imperature, and the step which extends an optical fiber from heating preforming in the method that spin is 
>plied to a fiber are contained. While having extended the fiber, in a softened glass state, the spin of a fiber is 
merated by impressing torque to a fiber so that the twist by torsion modification of glass may be given to a fiber 
ound the axis of the lengthwise direction, a fiber is permanent when softened glass gets cold — torsion 
odification is frozen in a fiber so that "spin, i.e., permanent torsion modification," may be shown. A move 
agnetism-optical modulation machine which is used, for example for Optics Letter (Vol.12 (1), p. 60) besides 
.J.Marrone can detect such existence of freezing spin easily. 

01 5]The distance which a pitch, i.e., spin, repeats along with a fiber is connected with freezing spin. Few pitches 
e expressed with the unit of the twist per meter, and in the case of this invention, even if there are per meter, 
ey are the 4 twists. 

016]According to the desirable embodiment of this invention, in the twist, the counterclockwise twining twist and 
e clockwise twining twist have become by turns. That is, to a vertical axis, a fiber rotates clockwise and then is 
tating counterclockwise. It is perfect 360-degree rotation, therefore when the 4 twists are specified, for example 
\r meter, rotation of this fiber receives for all directions, and needs 2.5 rotations. The fiber of the chiral structure 
rfined as the counterclockwise twining twist following the clockwise twining twist by this is generated. As 
ference was made in the top, the cycle which the twist reverses is expressed with the twist per meter, or is 
pressed with the unit of the fiber length during the twist. For example, in the case of the fiber of 5 twists, it will 
tve a twist (namely, chiral) cycle of 20 cm per meter. The twist is given by rotating the fiber which makes rotate 
ill form in the case of enlargement, or is actually extended in the case of enlargement (solidified). Typically, 
Lhough the counterclockwise number of the twists is the same as the clockwise number of the twists, it is 
Ivantageous similarly to receive for all directions and to use a different number of twists. Although it is desirable 
carry out the twist by turns between a clockwise rotation and a counterclockwise rotation, it is also possible to 
;e the twist in the direction of either the continuation twist, i.e., a clockwise rotation, or a counterclockwise 
tation, and to realize the same advantage. 

017]The disorder which produces a fiber further by the effect twisted forward and backward in the given mode 
tich moves along with a core was randomized, and, thereby, the mode coupling of the peak has arisen ideally in 
the modes of all the mode groups. It is preferred to change the number of times of the twist at the time of 
lending to use a random twist cycle, i.e., a fiber. This is in agreement with the theory which uses random 
sorder and predicts more effective mode mixing and which is known. For example, please refer to "J. of 
ghtwaveTecnology" (Vol.LT-1 (2), pp.31 2-331) of S.C.Rashleigh. In particular, it is described as follows by 320 
iges. 

018]"Only the frequency of two polarization characteristic modes being combinable is only a spectral component 
bj regardless of the actual distribution f (z) of ... and double reflex disorder. The mode is effectively combined 

jpending on no other spectral components. " 

019]Parameter bj is an intrinsic double reflex of a fiber, and F (bj) is the Fourier transform of f (z). Since it is 

zrinsically random, disorder f (z) is theory-ized noting that it cannot obtain effective mode coupling depending on 
instant pitch spin. On the other hand, the space ingredient which generates an effective combination may be 
tntained in non-constant pitch spin, especially the spin which has positive and negative helicity by turns. A 
iwerful combination can be obtained by using the spin of the variable space frequency which consists of a field 
not only the field of comparatively high spin space frequency but comparatively low spin space frequency. That 
the case where spin carries out a police box to positive between negative helicity, for example is so. 
020]The diagram of drawing 3 is what showed the space disorder which can be advantageously randomized by 
is invention, and the circle 23 shows the section of the optical fiber. The arrow 24 expresses disorder of a 
igthwise direction, and the arrow 25 expresses direction disorder, and the arrow 26 expresses disorder of a 
dial direction. In U.S. Serial Number 847,034 (52-4-1-16 besides DiGiovanni), in order to strengthen mode mixing, 
iptic core structure is used. Although light path length to all random movements that met the fiber core by 
isting on a fiber is made equal, We have recognized that DMD is improved by the twist by randomizing other 
>order, for example, an azimuth change, when it is a fiber with a circular core. In the case of this invention, the 
•cular core has intention of including the core geometry which has an ovality of less than 6%. 
021]This invention consists of a circular core and a clad, its effective refractive index of a core is larger than 
e effective refractive index of the clad plate which has covered the core, and the core is further materialized in 
ica glass optical fiber itself including the chiral structure by this invention. Chiral structure is generated by 
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pairing an optical fiber enlargement device by the method explained below. 

022] Drawing 4 is what showed the optical fiber enlargement device, softened the preforming 31 and a glass 
eform, and is provided with the susceptor 32 representing the furnace (not shown) used in order to start the 
ilargement of a fiber. 33 shows the extended fiber. The covering cup which the early fiber surface shows by 34 
>llectively and which has the chamber 35 containing the covering prepolymer 36 is passed. A fluid coated fiber is 
scharged through the die 41 from a covering chamber. The thickness of covering is controlled by the combination 
the hydrodynamics of the die 41 and a prepolymer. In order to maintain a fiber and covering concentrically, it is 
iportant to put a fiber on the center in a covering cup, especially the center in the exit die 41. The hydrodynamic 
essure in an exit die itself is promoting the centering of the fiber in a die. Then, the prepolymer coated fiber 44 
exposed by the ultraviolet ray lamp 45, a prepolymer hardens, and a covering process is completed. When it is 
titable, other hardening radiation can also be used. A fiber will pass a reel assembly next, if covering hardens, a 
»er aligns and draws it there, and it is rolled round, and is stored in the spool 56. Although the driving means for 
awing a fiber may be a take-up spool, it is preferred that it is the capstan 54. The reels 51-53 are guide reels for 
gning the completed fiber and processing it. The enlargement power and revolving speed which are provided by 
e capstan 54 have determined the enlargement speed of an optical fiber. A typical enlargement speed is 1-20 
/second. A fiber is individually led to the drive take-up spool 56 from the capstan 54. The step motor controlled 
' a micro step indexer (not shown) is controlling the take-up spool. 

023]It will be recognized by the engineer of a field for the time being that the structure shown in drawing 4 is 
tly one of much the suitable structure. 

024]The typical covering material for optical fibers is the urethane by which the ultraviolet light initiator was 
Ided, acrylate, or urethane acrylate. Although the device shown in drawing 4 is provided with the single covering 
ip, the duplex type covering device generally provided with two covering cups is used. It is soft low elastic 
■efficient material, such as silicon and a hot melt wax, typical primary, i.e., inner coating material, of a duplex 
►ating fiber, or it is the arbitrary materials in the polymer material of many with a comparatively small elastic 
•efficient. The material currently widely used for secondary, i.e., external covering, is urethane or acrylic products 
a high elasticity coefficient polymer and a type target. In commercial practice, both materials are low elastic 
'efficient acrylate and high elasticity coefficient acrylate. The range of the thickness of covering is 150-300 
crometers in diameter typically, and is about 240 micrometers standardly. 

025]In the conventional enlargement device, the fiber is moving in a single flat surface at least intrinsically 
tween the starting point in a furnace, and capstans, and the twist is not intentionally added to a fiber. Please 
fer to drawing 5 which is an abbreviated plan of the reel of drawing 4 . 

026]According to this invention, torque is added to a fiber so that spin may be applied to a fiber. Theoretically, 
rque can be impressed on the arbitrary points (before rolling up) of the fully cooled downstream so that a fiber 
ay touch a fiber, but the physical contact with the exposed fiber must be avoided. Therefore, torque is a point of 
During station to the downstream, and is typically added advantageously by the 1st guide idler. 
027]We found out that intermittent torque could be impressed to a fiber so that the twist of a non-contact pitch 
ght be added to a fiber. According to the desirable embodiment, impression of this intermittent torque is realized 
changing the orientation of the guide idler 51 of drawing 5 . As an example, when only the angle theta makes a 
Her incline around a direction parallel to the axis of an enlargement tower for example, it realizes (refer to 
awing 6 ). In the case of this structure, by making the roller 51 1 incline, as shown in drawing 6 , a fiber will rock 
'ward and backward on a roller according to the power of the transverse direction produced automatically. More, 
;eral power becomes the torque over a fiber, by the torque, a fiber shakes in a transverse direction on the roller 
1, it separates in details from the flat surface which the fiber of the device shown in drawing 5 (un-inclining) 
marcates by that cause, and a fiber moves to them. The shake of a transverse direction will be understood 
out superimposing on the motion of the conventional enlargement. It seems that the stability which increases 
th the increase in transverse direction displacement of a fiber by motion of the transverse direction of a fiber 
d which rebounds a fiber (substantially [ although it does not necessarily need to be exact ]) in a flat surface 
s arisen only in order to start rolling to a counter direction promptly. The bidirectional arrow which adjoins the 
ler 51 1 of drawing 6 expresses the motion before and behind this asymmetry. The angular rotational speeds of 
s fiber at the time of rolling are a function of the angle of inclination theta above all. Therefore, the pitch of the 
in applied to a fiber is also a function of the angle of inclination theta. For example, the average pitches brought 
out by a certain suitable enlargement device are 14 cm and 7 cm to theta= 7 degrees and theta= 15 degrees, 
spectively. Since a pitch is decided by the composition of an enlargement tower and height, enlargement speed, 
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ilargement tension, and viscosity of covering material above all, it will be understood that these values are only 
:amples. 

028]In the example explained in the top, spin not only being applying to the fiber, but the twist (generally there is 
asticity) which counters equally substantially rolling round, and being introduced into a fiber will be recognized by 
e engineer of a field for the time being. Although such a fiber is permitted depending on the purposes (for 
:ample, for [ which needs only a fiber with comparatively short length ] sensors), its case where it is desirable 
f oiding the unnecessary elastic twist is frequent. Although the elastic twist is removable by giving re-rolling up 
ipropriately, it is preferred to avoid introduction of the elastic twist substantially. This is realizable by forcing a 
>er into the torque of a clockwise rotation and a counterclockwise rotation by turns so that it may explain below. 
029]Positive and negative spin can be impressed to a fiber by turns by making the guide idler 512 shown in 
awing 7 rock around an axis (the typically same axis as the axis of an enlargement tower) parallel to the 
-ection which extends a fiber. The elastic twist positive and negative can be substantially offset so that a 
rsional resilience strain may not arise substantially on the fiber on a take-up spool. [ on the fiber produced as a 
suit ] The guide idler 512 shown in drawing 7 can be made to rock forward and backward by arbitrary suitable 
3ans (not shown), for example, an eccentric driving means. Drawing 8 is what showed the outline of an 
;ernative structure, and although the guide idler 513 is not shown in a figure, by the conventional suitable means, 
moves forward and backward in shaft orientations, and is impressing the torque of a clockwise rotation and a 
»unterclockwise rotation to a fiber by turns. 

030j Drawing 9 and 10 show the experimental data which compared the 850-nm fiber zone of the twist circular 
»re fiber opposite non-twisting circular core fiber. The data shown in drawing 9 is data to the fiber extended 
ing the same device and the same enlargement process. Although the data shown in drawing 10 is data to the 
>er extended using the same device and the same enlargement process similarly, the device differs from the 
vice used in order to obtain the data of drawing 9 . The qualitative result obtained above all extends this 
periment, and it shows the unrelated thing to the device. 

031]When drawing 9 is referred to, the curve which has a curve which has the circle 61, and the pentagon 63 is 
surve to the fiber in which the twist was given on the occasion of enlargement by this invention. The twist cycle 
these fibers is 6.7 cm. A nominal core ovality is less than 5%. The curve which has the square 62 shows the 
ne data to the intrinsically same fiber as the fiber in which the twist is not given in the case of enlargement, 
milarly, drawing 10 shows the data to the fiber in which the twist was given on the occasion of enlargement and 
which it has a twist cycle which is 6.7 cm according [ the curve which has the circle 65 ] to this invention. The 
rves 66 and 67 show the data to the same fiber in which the twist is not given. The rate of a nominal core round 
ape of all the fibers is less than a 5% ovality. 

332]As mentioned above, this invention is aimed at the improvement of the transmission characteristic of the 
tical fiber extended from preforming without defects, such as quality preforming of core eccentricity, i.e., an 
treme rate, i.e., an ovality etc., so that I may be understood. Observation that these optical fibers clearly 
tended from comparatively little preforming of a defect are improvable using the twist is observation which a 
ought does not approach, either. Typically, the core of these preforming has a very small ovality which is a 
^condition for classifying preforming as quality. The ovality of a core can be measured by taking two or more 
**** values at the place where the circumferences of a core differ, and comparing them. It is taken into 
nsideration as less than 6% of change, and a thing to which less than 3% of change expresses a circular core 
aferably. It is confused, for example, zone expansion of the optical fiber by which the discovered effect, i.e., 
iformity, and completeness were extended from clearly high preforming is considered [ which lacks in 
sitivism ] to be based on an azimuth change. 

D33]As shown in the top, the twist, i.e., chiral structure, can be given to an optical fiber twisting to preforming in 
s case of enlargement, or by twisting on the fiber extended in the case of enlargement. Each of these 
bstitution means what words and phrases, such as "twisting on the fiber extended in the case of enlargement 
eration", should define. 

D34]As already shown, the optical fiber which will be typically processed according to this invention is silica glass 
tical fiber. The quartz system means that at least 65% of the glass in an optical fiber is generally a silica dioxide 
i0 2 ). 

D35]The twist explained in the top is comparatively constant. That is, the same twist operation is given over the 
erall length of a fiber in the case of fiber enlargement. There is an auxiliary random mechanism which can 
smote substantial shortening of DMD in a multimode fiber. Some characteristics are among the twist-ized 
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echanisms used in order to give the twist to a fiber. The two characteristics which should be observed here are 
>in frequency, i.e., the number of the twists per meter, and a spin speed function which is a rate of change of the 
>in to time. Each of these characteristics can be randomized and the DMD characteristic can be improved 
rther. Spin frequency can be changed at random between the one to 10 twists, for example per meter. Arbitrary 
tervals, for example, a 10-meter interval, are chosen, and the twist of one 10-meter segment can be set to four, 
id it can be chosen as condition of setting the twist of another 1 0-meter segment to seven etc. It is controllable 
iing a simple random number program. A spin speed function can also be changed at random in a similar manner, 
le spin speed function is equivalent to the twist-ized pattern of shaft orientations, i.e., time-dependent spin 
igular velocity. As already shown, in order that the direction may carry out the police box of the spin every [ 1 
eter or ] 2 meters, the angular velocity of spin crosses zero periodically. Although a typical pattern is a sine 
irve in general, the pattern of spin can be changed and bigger random nature can also be provided. The in general 
apezoid pattern which has a dwelling of the highest angular velocity is one of such the patterns. It is also 
>ssible to use other non-sine curve spin patterns. A spin pattern can be changed in the case of enlargement, and 
ndom nature can also be added further. 

036]Probably, to the engineer of a field, various additional changes to this invention will be possible for the time 
jing. it shall consider formally that all the deviation things from the specific instruction of this specification which 
;ed fundamentally the principle of this invention which brought about progress of art, and its equivalent are within 
e limits of this invention which explains and carries out an application for patent in a top 



ranslation done.] 
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